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AmcndmentstoJhe Figures 

Please add FIG. 2E as required in the OflBec Aetioa of November 21, 2005 (see page 2 
therein). The new drawing, which is substantially the same as FIG, 2C but with the ends of the 
anli-rcflcctivc coaling rounded, is supported by FIG- 2C as originally filed, paragraph [0015] (p. 
4, L IS-p. S, 1. 3) of the specification as originally filed, and claim 6 as orig^iatly filedL Thus, the 
new drawing docs not introduce new matter or new issues. 

A New Sheet (as required by 37 CJPJL L121(d)) is attached to this Amendoient 
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Remarks 

Applicant and his lepresentalives wish to thank Examiner Oien for the thorough 
examination of the present application and the detailed e^cplanatiOTis in the Ofiice Action dated 
November 21, 2005. 

The present invention relates to a method of forming a trench in a semiconductor device^ 
including the steps of (a) forming a polish stop layer on a semiconductor substrate, 0>) ibiming 
an anii-rcflcction coaftig on the polish stop layer, (c) selectively etching the anti*reflection 
CQadng to fonn an antt-ieflcction coating pattern, (d) etching the polish stop layer and etching 
the semiconductor substrate to a predetermined depth to form a trench such that ends of the 
polish stop layer adjacent to the trench are rounded, and (e) forming an insulation layer that fills 
the tr cn yrh 

The Obiection to the Dnwings 

The objection to the drawings has been obviated by adding a new drawing showing an 
antireflective coaling with rounded ends, as required in the OfKce Action. 

The Obiectiott to the Amendmcitt nndcr35 S 132fa> and the Rejection 

of Claims 2-4, 8-10 and 15-17 under 35 TSSXl. S 112. first paragraph 

The objection to the Amendment filed September 16, 2005 under 35 UJS-C, § 132(a) and 
the rejection of clmms 2-4, 8-10 and 15-17 under 35 U.S.C. § 1 12, first paragraph, as Jailing to 
comply with the written description requirement is respectfully traversed. 

The Amendment filed September 16, 2005 does not introduce new matter. Rather, the 
Amendment filed September 16, 2005 Is supported by the original disclosure. 

The Amendment filed September 16, 2005 added the phrase '^or more'' to claims 2, 4, 8, 
1 0, 15 and 1 7, and deleted the phrase "one of fitim claims 3, 9 and 16. However, one skilled in 
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the art of semiconductor processing and/or manu&cturing understands that these claim 
amendments are supported by the specification as originaUy Hied 

For example, the present spedfication discloses dry etching the silicon nitride (polish 
stop) ftim 13, the pad oxidation layer 12 and the semiconductor substrate 11 form a trench 100 
(p. 7, U. 14-17), and forming a sidewall polymer in the initial stages of etching the silicon nitride 
layer 13 (and removing the same) such Hmt the ends of the ARC 14 are etched. One sidlled in 
the art understands that forming a sidewall polymer occurs when dry etching SiOz (e*g., a 
material suitable for pad oxidation layer 12) and Si (the best-known and most widely used 
semiconductor substrate) with a fluorocarbon plasma (see, e.g., Wol^ "Silicon Processmg for the 
VLSI Era," vol. 1, pp. 678-683, particularly p. 678, first paragraph, p- 680, Fig. 14-19(b) and 
paragraph #2, and p. 683, Fig. 14-23 and the first full paragraph; attached hereto). Notably, Wolf 
teaches the well-known formation of sidewall polymer in a process that etches a trench into 
silicon under a layer of SiO^ (a wcU-known structure resulting firom the oxidation, of silicon) 
using a mixture of CHFj and CF4 (both of which arc recited in claims 2-4, 8-10 and 15-17), or a 
mixture of a fluorocarbon and (sec Wolf, p. 683, the first paragraph, IL 11-16, and Fig, 14- 
23). Therefore, one skilled in the art(s) of semiconductor devices and semiconductor 
manufecturing would readily tmderstand that the present specification supports dry etching a 
silicon nitride (polish stop) layer and a semiconductor substrate using a mixture of the ctchants 
recited in clahns 2-4, 8-10 and 15-17. 

Applicants undersigned representative understands that O2 itself does not dry etch 
silicon nitride, SiOz or Si (see also, c*g^ Wol:^ p. 672, Table 14-2, submitted herewith). As a 
result, one skilled in the art would understand that, to the extent O2 is used in the etching step 
recited in claims 2-4|. 8-10 and 15^17, the silicon nitride (polish stop) film 13, the pad oxidadon 
layer 12 and the semiconductor substmte 1 1 must be etched with a mixture of O2 and anodicr 
eicbant (e.g,, CF4; also see Wol:^ p. 673, first pamgmph of section 14.4 [submitted herewith], 
and Table 14-2 on p. 672). As a result, one skQled in die art(s) of semiconductor devices and 
semiconductor manu&cturing would further understand that the present specification supports 
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diy etching a stlicon nitride (polish stop) layer and a semiconductor substrate using a mixture of 
the etchants redted in claims 2*4, 8-10 and lS-17* 

In addition, one skilled in the art understands that molecular gases are used in diy etching 
(sec, eg,, WolC pp, 668-9, particularly p, 669, L 7, attached hereto; emphasis in original). One 
of the gases redted in claims 2-4, 8-10 and 15-17, Ar (argon), is not a molecular gas. 
Accordingly, one sldlled in the art understands that Ar is not used alone in dry etching (see also, 
e.g.. Wolf; p. 679, the second fiill paragraph, which teaches the well-known use of Ar ions to 
assist dry etching processes). One skilled in the art therefore understands that dry etching uses a 
molecular gas such as CHF^, CF4, Q^, or HcQ:>, and as a result, the disclosure of Ar as a gas for 
use in dry etching must refer to its use ia combination with one (and possibly morc^ as discussed 
above) of the molecular gases redted in claims 2-4, 8-10 and 15-17. 

Even further, the present specification discloses that the ARC 14 may be a conventional 
ARC noadc of an organic material (p. 7, L 7-8) and that dry ctdirng to form the trench 100 can be 
controlled such that a small amount of exposed ends of the ARC layer 14 is removed (p. 7» L 20- 
p. 8, 1. 1). As is known in the art, dry etching an organic solid (sudi as the embodiment of the 
ARC 14 disclosed by the present specification and discussed in this paragraph) can be done with 
alone or in combination with CF4 (sec WotC; p. 672, Table 14-2). Ad a result, one skilled in 
the art(s) of semiconductor devices and semiconductor manufacturing wotild understand Hast the 
present spccificalion supports dry etching an ARC using one or more of the etdiants redted in 
claims 2-4, 8-10 and 15-17. 

Without doubt, the present spccificalion disdoses diy etching with a single gas (see 
paragraphs [0014] and [003 1], pp- 4 and 7-8, respectively). Consequently, those sklUed in the art 
would readily understand that the above-identified application disdoses and conveys dry etching 
the silicon nitride (polish stop) film 13, the pad oxidation layer 12 and the semiconductor 
substrate 11 using one or more of the gases recited in claims 2-4, 8-1 0 and 1 5-17, 

To the extent that the disclosures of certain gases in paragraphs [0014] and [0031] of the 
present specification are considered erroneous, the Amendment filed September 16, 2005 
corrects readUy apparent errors in the disclosure. Correction of an error is not new matter if one 
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skilled !n the art wotdd appreciate not only the existence of an error» but what the eEior is. JCoito 
Mfg. Co. V. Tum^Key^Teck LLC, 381 FJd 1 142; 72 U.S.P.Q.2D 1190 (Fei Cin 2004)» citing //i 
re Oda, 58 CCJ,A, 1353, 443 F^d 1200, 1206 (CCPA- 1971)» As discussed above, one 
sknicd in the art would readily ascertain that any disclosure limiting dry etching the silicon 
nitride (polish stop) 131m 13, the pad OTddalion layer 12 and the semiconductor substrate 11 to a 
single gas is erroneous in certain cases (e,g^ and Ar), Thus, to the. extent paragmphs [0014] 
and [0031] of the disclosure are coni^dered to contain one or more errors, correction of such 
errors is not new matter. 

Furthermore, as discussed above, the specification as originally filed supports an 
amendment reciting dry etching with a mixture of the more than one of the gases* Because the 
amended subject matter is inherently contained in the orig^nally«filed application, it docs not 
constitute new matter. Koito Mfg. Co. v. Tum^Key^Tech^ citing Schering Corp. v, Amgen InCy 
222 F.3d 1347, 1352 (Fed, Cir, 2000), Thus, no new matter was introduced by the Amendment 
filed September 1 6, 2005, 

Therefore, this ground of refection ^ould be withdrawn. 

The Rejection of Claims 1^. 6, 8»10. 12^17 and 19-20 under 35 U^C, 8 lOZfe^ 

The resection under 35 U*S.C. § 102(e) of Claims 1-4, 6, 8-10, 12-17 and 19-^20 as being 
unpatentable over Moore ct al. QJS 6,884^725) are respectfully traversed 

Moore et al. discloses a method of forming a trench in a semiconductor device^ where the 
method includes forming a polish stop layer on a semiconductor substrate, etching the polish 
stop layer and etching the semiconductor substrate to a predetermined depth to form a trench, 
and forming an insulation layer that fills the trench. However, Moore et al, fails to disclose or 
suggest the steps of forming an ami-reflection coating on ihc polish stop Isyer or selectively 
etching the anti-rcflcction coating to form an and-rcflccdon coating pattern, as recited in Claim 1 
above. 
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The Office Acdon appeais to presume that the silicon nitride polish stop layer of Moore 
et a], also serves as an antireflective coating (see, e«g^ p. 4» IK 1-9 of the paragraph below 
paragraph 2)* Such a presumption not only violates tlie ^^All-Elements" rule for detcnnining 
whether a rererence anijdpates claims, but it is also inconsistent with the knowledge of 
andreflecttve coalings in the art 

As is known in the art, anlireflective coadngs function to reduce or lower the reflectivity 
at a resist intediice (i*e., flie interface between a photoresist and an underlying material; see, eg*, 
Wolj; p, 524, section 12,4.2,6; submitted herewith). When the antireflective coatmg is between 
the photoresist and the material bang etched (as tlie silicon nitride layer of Moore is being 
interpreted in the Office Action), it is a material applied between the substrate (in this case, the 
silicon nitride layer oF Moore) and the resist to reduce Sp by decreasing the value of pzs (see 
WoU^ p, 524, section 12.4»2J, first paragraph). The parameter Sp is the clearing-dose swing 
ratio, or the ratio of the peak-to-valley change in the clearing dose intensity to the average 
clearing dose intensity, and is equal to 4*(pnp23)^'^cxp(-<iD) (see Wolf, p- 522, second full 
paragraph and equation 12,7). The parameters pis and p23 arc the intensity reflection coefficients 
of the resist and the air-rcsist intcr&cc and of the substrate at the icsist-substrate interface (in the 
case of Moore, the resist-sUicon nitride layer interface). It follows that if the substrate being 
etched and the antireflective coating arc the same material, pnj (the intensity reflection 
cocfiScicnt at the resist-substrate interface) has the same value. Thus, pzy cannot be decreased by 
forming an antireflective coating of the same material between the material being etched and the 
photoresist TbuSj by definition, an antireflective coating must provide an intcrfece with the 
resist that has an intensity reflection cocfScicnt that is less than that of the interface between the 
material being etched (the substrate) and the resist. 

Consequently, the interpretation of tho disclosure of Mooie set forth in the OfBcc Action 
is not consistent with the understanding in the art of antireflective coatings. As a result, Moore 
cannot be said to disclose forming an antireflective coating on a polish stop Is/er or etching the 
antireflective coating to form an antireflective coating pattern, as recited in the present claim L 
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Furthennore, the intcrptetation of Moore Js not consistent with the **A11 Elements Rule" 
of patcDt claim intcrprctatiorL According to the All Elements Rule, to establish infiiBgeraent of a 
patent, every limitadon set forth in a claim must he found m an accused product or process 
exactly or by a substantial equivalent Johnston v. IVAC Corp., 885 F:2d 1574, 12 US J*-Q,2D 
(BNA) 1382 CFcd- Cir. 1989), citing 4 D. Chisum, Patents, § 18,03[4] (1986); Coming Ghss 
Works V. Sumitomo JSlec. U.SJL. Inc.. 868 F,2d 12SU 1259, 9 U.SJ.Q^ (BNA) 1962, 1968 
(Fed. Cir- 1989); Pcrkin-Bmer Corp. v, Westinghousc Elec. Corp., 822 F-2d 1528, 1533 n, 9, 3 
U.S-P.Q:2D (BNA) 1321, 1325 n. 9 (Fed. Cir. 1987). Similarly, to anticipatioii a claim of a 
patent application, a single prior art reference must contain every limitation set forth in the claim, 
explicitly or inherently. See, e.g., JEMI Group North America, Inc„ v. Cypress Semiconductor 
Corp., 268 F Jd 1342; 60 US-P.Q^ (BNA) 1423 (Fed. Cir. 2001); General Slectric Co., v. 
Nintendo Co, Ltd., 179 FJd 1350, 1356; 50 USJ*.Q-2D (BNA) 1910, 1915 (Fed. Cir. 1999); 
and many others* 

To iliustratc, a claim to a stool having a substantially horizontal member supported by 
four legs is not anticipated by a prior art stool having three legs. The prior art stool docs not 
disclose one of the claim elements (or, more accurately, one of the claim limitations), a fourth 
leg. It w^ould not be reasonable to argue that the prior art stool having three legs anticipates the 
claimed stool having four legs because one could, in theory, draw an imaginary line down one of 
the legs and assert that one leg can be two legs because the legs may have a common &nction 
and the claim does not distinguish between the materials in each leg. However, that is 
efiectively the position taken by the USPTQ in this case, that a single, tmitary structure in the 
cited reference (i«e«, the silicon nitride l^zt of Moore) anticipates two discrete elements of the 
present claim 1 because silicon nitride is disclosed as a suitable polish stop layer and is known to 
provide an antircflective ilmcdon under certain circumstances (as described by WolQ. 

Absent legal precedent for the position that one tmitary, undivided structure in a cited 
reference con be interpreted as two discrete elements of a claim, pardcularty where claimed 
subject matter would be understood by those skilled in the art as two discrete elements> the 
silicon nitride l^cr of Moore cannot be interpreted as both the polish stop layer and the 
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antircflcctivc coating of the present claim 1. Consequently, this ground of rqiccdon is 
unsustainable, and should be withdrawn. 

All of the lemaimng claims depend^ directly or indirectly, on Claim 1. Therefore fhe 
rqecrions under 35 XJ-S.C § 102(e) of Claims 1-4, 6, 8-10, 12-17, and 19-20 should be 
vntbdroML 

TheJRejections of Claims 5, 11 and 18 under 35 P,S,CL 8 103fal 

The rejections under 35 U.$.C. § l03Ca) of Claims S, 11 and 18 as being unpatentable 
over Moore ct al. (US 6,884,725) have been addressed by amendment 

As discussed herein, Moore ct aL fails to disclose or suggest the steps of forming an wtt« 
reflection coating on the polish stop layer or selectively etching the anti-reflection coating to 
fbmi an anti-rcflcction coating pattern, as recited in Claim 1. Claims 5, 11 and 18 depend 
indircctiy on Claim 1. Therefore the igections under 35 U-S-C. § 103(a) of Claims 5, 11 and 18 
should be withdrawn. 

Conclusions 

In view of the above amendments and remarics., all bases for objection and rejection ore 
overcome, and the application is in condition for allowance. Barly notice to that effect is 
earnestly requested. 
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If it is deemed helpfiil or beneficial to the cfGcicnt proseculion of ihc present ^Hcatioti, 
the Examiner is invited to contact Applicant's imdersigned lepresentadve by telephone. 



7257 N. Maple Avenue, Bldg. D, #107 
Fresno, California 93720 
(559)299-0128 
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